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5L 2£r LaTi0 3 (LTO) £S ^3*114 4.51 cc) $+7) *1*>3M 4# 4*44 -fl-JL 44M1 aZ( = 44. 

£ 3£ LaTi0 3 (LTO) £S *J<344 3^4 $5-7) *!4?H 4* 471 #£.£(o )» 444 a.*! aefl = 44. 
£4c§ 4«- 431 £4 J=4*l^el-t 444 £L4 44^44. 

< S.34 *A cfl4 ^£4 £1 > 

400...SrTiO 3 (STO) 71*410.. .LaTiO 3 (LTO) £S 
415...S*! *fl^420...Ba ,. x Sr x Ti0 3 (BSTO) 7<Hr444 
430...44B #4440...^ 44 
450...H.5fl°l 44 

.f -gsl 4*1144^ 

£| 4?-- ■?::) 

4^4 4^4fe 71* $ -I £44 #El)7l* 

4 431 £4 S^*l^eH 44 # 0.3.4, ti4 4*Wlfe 44-44*11 444* 444 43] £4 s 
31*1 i^N 44 344. 



43) % 2: 31 4 4 i-$l^ S^^liElS.^1 SLi 431 a 2 ! ^44^3 (MOSFET; Metal Oxide Semiconducto 

r Field Effect Transistor) 4 ^3. 4*4* 5)4. MOSFET4 4£ =414 44°114 4^4 44^ 27114 

pn 34 ^21 71 ^-g-S>JI 5)4. ^14 £44 ^7>i 44 314 444 <A4 50nm 44^ 4^*1 

34 4144^4 ^43. 31 Hi 4 (carrier) 4 *£7> 444*, 314^4 *H 444 4444 444 3 

7)1 f7Wi €4. 



3-B4444 4 4# «fl 1471 4444-2.3-4 *14S.S1 °)4*j 44 -44 ^ 444(Mott- Hubbard metal -Ins 
ulator transition), * 24 44 4 # 44 H.S - *1 4— (Mott - Hubbard) 44*11# ***** 4444 SLS 431 31 

4 S^lieH 44 447} S-l-4711 4*84* 5)4. £S 431 i4 JE4*1^4fe #4-44*1] 444 °l 44 4/£ 
n ^.44 43)44 £i 431 jl4 ^.4*1^4 «3 444444 £7114*1 S£°s £44 33^4 331 44 A l 
zj ^ a.g. $4 444 ( s.i 431 3l4 £44^3114 *44 ifl^ 444 44Mm £.2.3. £3jaj 5)4. 



EE -s|4<= 471] jl4 = 44^44, 443 °-3. 1M834 44-44*11 4-8-*FH.s. f 7pj- 

^ 44^ 0(44 <g^^^^ ^-*4S. <>l-8-€ ^*># ^7>4^ 6 > $4. 44*1 ^7>4fe ^47) ^^01^4 44. 
q] uj-aj o.s 4^1 4^4 ^ 44^=(N)^r 4 en 4 ^4^1 14 24 44^ 5)4. 
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44*1 1 



°\7]*\ e 4 4<>lH 4443 444. efe 71 €• 44, d£ 4°lS ^<g^)2l ^jM], :2B}3. V g TT tIMs 444 44 4 

444. 

JE.H-*14H 4445- 443^ 444 43 La 2 Cu0 4 Sl 34# 4# 44, La 2 Cu0 4 4 #(hole)4 «7>44 

La 2 . x Sr x Cu0 4 (LSC0)2) 44°1 444^1, x=0.15(15%)44 $5L*\ * 4444 4fe €4. 
37^44 $7>tf #4 £ 7> ^t).. 6.S x=0.15^ al%-£olHa. N4°l 37» 4°1 h $<3*|Sl -f}-44 

°1 H7i4, 4443 ^^7> §M4, ££fe 7flo]e ^^0] tHt^ $4. a e14 ft#-&o] 3.4? 44 

4*1 4443 SIS. 44°1 4*44 £«4^44 4444. 3-^3- 4443 4?H« 44 

¥3j43 444 4 34 34 #4. t£$ 44M 444 *)4fc 3-f 43 ^2-7} ^7KH 4434-°-3. 44 

47|4 4 i U4feS-47> 44. 

4'34 ol^aW|- 4£" 7|^^j 44 
a. gigo| 4^ 7l#aj 44 ^%-SL2\ 37>43451 ^£ £ 444 ^ fl£* ^34 

-444 4444 444 44 £4 £44^4* 4¥4tt 344. 

t^-l - M ?! 44 



47) 7lt^ 44f- 44471 344. 4 4^- 44 £4 S€4^4fc. 7l«; 44 7)4 44 4*134 44 4 

ol -H-SJaI ^34 -g"4-444 4444 tt^M^lfc 3.S. 444; 4?1 £1 444 44 4*134 44 "?]7M 

47l 43 44 44 £i 4444 4*14 44444; 471 4-8-3*114 34 «fl ^1 ^ <H 47l 444444 "84 
344 °J7>*>71 44 = 44; 471 £1 4443 41 £44 $7)q°.s. 443£4 ±^ 44; 91 4?1 
£S ^2 £44 ^4^£.a 4435-4 34« £-44 4^4 ?44fc 34 ^t%°-3. 44. 



471 71^4 SrTi0 3 7l4a:4 44^144. 

471 ££ 444^, LaTi0 3 , V0 2 , YTi0 3 SE^ h- BaTi0 3 4«5. ol^-ol^l ^o] v}^^. 

471 444444 Ba,. x Sr x Tl0 3 l-4S. *]^<>]$ %o) 44^144. 

471 ii 444 471 £.5114 444 47l 444444 $W 4x 4b1e]^ ^°1 44^144. 

01 si- 4? £44 #a*H 4 4^4 44^)4 44^# 4^*1 4^443. 44. ^34, 4 4^sl 4^1^1-4 °1e1 
7>4 4^ ^efls. 4^4 4 4^-^, 4 4^s] ^^7> of^Aj 444tt 44°JI4S. 4«11 *^^44fe $2-^ sfl4 
S|<H^14fe 444. 

Di7-i ^. $$o| 4* 44 s.4 S4^1ielsl 44 4el» 4^47)s. 44. 

£ la S s. lbfe 2:4444 5-^4 ^-4-444 44 °1 444 44^flfe as 444 vfl4sl 4^> 4*14 44 
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33 £ la-H] £33 44 33, 33 34°fl 271JS] 34*3 #7fl4oL, 11 34« 4°H 344tt 33 tf£ 4 
-§- (repulsive Coulomb interaction) 3 -HI 7l (U) 7 r 344 34 43 2} ^ cfl f-g- ofl 3 3 (U c ) 4 3t11 3 3 , 4 U/U c 

=k=i3 33, =l «4o| 27fl2] 3471- £4^ a 443 34^ 3* 343- 3f-*ll433 4434. 3 

4 33 44=U -3-433 34 ^a-i 3*r 333* as 3331(100)4 33fe4. 

<>14 38- ^ 33*fl(i00)°il nfl-f 33- *£3 s-§- 3343, as 333(i00)^r tf- 3£ 343 3^33 3- 
33 340.3. 333 33 ^434 3334 til 3£r #511 443 3^3.2.3. 3334. 34 33 ^33 33 

ol $3-& " Hyun-Tak Kim, Physica C 341 -348.259(2000)" °fl 3 444 34. 333 f-#3 -§-43 3^13 
3fe 34fe #2) ;*.7.-sL 333 3^2] ^7} 33-#3 ^ilcf 3333 r4|€-o)4. 

Ol 34, £ l b <H] H><2(. ^O], ^f- ^ 2)-§-2] 43 (U) 7} 3 3 €4 »fl 3 3 (U c ) iL4 47fl 5]ol, ^ U/U c =k< 

13 Hla, 3°fl 43 3«3o1t.1d> u.^a°V.^oli( B rinkman-Rice)2l tJ-aj.^ ( strong correlation) 44 3€* 
4 = ^ 333 44(£ Ib3 M-O.S. £3)3 34. «333- 43^3 =4? o)%£ » w. F. Brinkman. T. M. 

Rice, Phys. Rev. B2, 4302 (1970)" °H 3 444 34. °14 34 333 44-8- 3 7fl3 37H $ 7fl3 37}f- 3 

tz 34 4£, 4 43 3*1)3 s °)1M3 3 (energy band) 41 I7fl3 337} *l)33 ^3 37]- ^4 371-2) £37 r -i 
3fe4. °14 3* 334 on.2jo.s_ 343-711 3-343 444 34. 

£ lb3 44 33(MH3, -Sr37>3 43: 33(m*/m)4 4*113 ^33 2S. 3334. 

=r*H 2 

m* _ 1 
m 1-k 2 



°1 3-f. k< 1* 3443, k=i ^33 33 34 k=i 4°H3 #3344-33*11 3337} 3343. 34 34 
ol* 3* " W. F. Brinkman, T. M. Rice. Phys. Rev. B2, 4302 (1970)" °fl3 444^, 333°U 33 3^3 3 
" N. F. Mott. Metal - Insulator Transition. Chapter 3, (Taylor & Frances, 2nd edition, 1990)" °H3 ^3 

34. 

33 £ ib3 34 443 3^3°H3 3434 4371-3 4:6. 34(m7m)£ 32)13 443 3£3. 44"* 4 34. 

443 3 

m" _ 1 

m 1 -k V 



333. P ^ 3H3 ^B-f 3 37V(band filling factor)S-3, 37 r #2) 7fl3^<Hl cfl3 33#(^^ ?llel3#)3 711^21 

44>i <r 34. 3 3^- k=i3 p =1 33 3H3 p =is. ^33 337 r 3343. 34 3* 3€ 
•8- 33 343 " Hyun-Tak Kim, Physica C 341 -348,259(2000)" °fl 3 444 34. 

#3 Sr,. x La x Ti0 3 (SLT0)3 3-f* ^» #3, SrTiO 3 (STO) £S 33*113 Sr* 2 7]-Elol] La* 3 % 334£r ^ 
-8: 37l» £34^ 3 -f 6 U. 3cflS LaTi0 3 (LTO) £S 33^13 La +3 7V3°fl Sr +Z » ^134fe 38: £34 

^^^-34. 

£ 2fe LaTi0 3 (LTO) 33^1°H ^7>3^ Sr +2 #3 «1#. ^ 3^3 *+7] 37>3(p )°fl 4€- 431 33(m*/ 

m)* 44*fl ^-3 nEilH34. 
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£. 2°fl £*13 44 34 k=l'?l 3-f. P =H^^-E] p =0.95°fl °1 = 343, ^ LaTiO 3 (LTO) £1 33*H] Sr + 
2 5%sl #<>1 37 r s)7)43, &342I -B-s: 3 ! IM 33 €• ^-^sfTil as 33*11.5!. ^^oKasflsi^ #3 

S.S. 3.*])*}$= 33 3^r 5d4. ^^fl, P =0.95i tWHr 34 ! 8 : (N c )3 <H4 1.7X 10 22 cm" 3 3 24 3^3-°-3. 
3^-513 -°-4 °1 33 34£- " Y. Tokura, Y. Taguchi, Y. Okada, Y. Fujishima, T. Arima, K. Kumagi, and Y. 
Iye, Phys. Rev. Lett. 70, 2126(1993)" ^ " K. Kumagai, T. Suzuki, Y. Taguchi, Y. Okada, Y. Fujishima, an 
d Y. Tokura, Phys. Rev. B48, 7636(1993)" °fl 3 444 34. 33 p =0.95 34, =r La +3 2) 34 %7}%o] ^ 
714, SEfe Sr +2 21 # 5% °\^SL3. ^7>5]^ 3*°^, ?flel<H2l 3^3. 33 3^3 °J ^-33*11 33 

°1 (continuous metal - insulator transition) 33°1 3334. 

£ 33 LaTi0 3 (LTO) £S 33*M ^7 r S]^ Sr +2 #2] «l-§-, ^ ^ £n ] o. 7 ] 34& (p )ofl 4^. 37I 3££(o ) 
» 44M1 fioj aeflHolcf. £ 3 oj|3 o BR r ^^i^2l <g?j| 37] 4434. 

£ 3°H £*13 44 34 k=l^l P =H1^^E1 p =0.95i 3 = 7143, ^ LaTiO 3 (LTO) -2.B 33*M Sr + 
2 5%2] #ol 37 r Sl7l7r*l, 34 #5lSL7\ 33431 f^ol p =0.95°fl^ 33 ^££7} 3<H34fe 3^ 

343 3-°- 4 °1 33 34£- St^l 3-§-3 " Y. Tokura, Y. Taguchi, Y. Okada, Y. Fujishima, T. Arima, K. 
Kumagi, and Y. Iye, Phys. Rev. Lett. 70, 2126(1993)" 3 " K. Kumagai, T. Suzuki, Y. Taguchi, Y. Okada, Y. 
Fujishima, and Y. Tokura, Phys. Rev. B48, 7636(1993)" °\] 3 444 34. 

44 33 £ 2 3 £ 3»H 443 33 343-3, SrTiO 3 (STO) S-— 33*fl°l] 341" $7 r 4fe 3SL4 LaTiO 3 (LT 
0) £.<= 33*W #1- $7 r 4*r ^Jo] i^o S ^tfl % 7 ] ^££1- 33 ^ 33^ ^o] £#34. 

£ 4fe 44 ^ol ^g-33 3-=r-33*ll 3343 ol-§-SV a. ^ofl £4 j=34^# a.oj ^£0) 

4. 

S. 4# 3^43, SrTiO 3 (STO) 33(400) 2H) LaTiO 3 (LTO) 33*)l(410)7 r xfl^cl. je.e 33*fl(410) 
^ YTi0 3 51J= 33*fl HLfe h-BaTi0 3 £S 33*13 5)4. £S 33*11(410)21 tfJf 33 &3 3°))^ 
334-°-3-3 4334 200 433 343*11. ojl^rfl B ai . x Sr x Ti0 3 (BSTO) 343 314 (420) 4 1^^. 0 1 Ba , 
. x Sr x Ti0 3 (BSTO) 4 (420)£ ^^ol ?)7>^o|l 44 £j= ^<S^1 (410)°fl ^3 -n-°J^l^ 

^ < a^l(410)ofl ^-^^^11 ^d°l ^S£l^ £3 ^^(415)^1 ^^£l£^ t.14 

^-7] 7j-B-^^q-(420) 2)ofl^ 7^^^^(420)011 oj^j 3«a-^. oi7^). 7 ] TflolE 3^(430)01 ^Aj^^ ^^ji 
£S ^3^1(410)21 ^IH S3 2)0]]^ ii 3^(440)°l S-S ^3^1(410)21 t)]2 S3 2H^ h?113 3^ 

(450)^1 ^34. ±± 3^(440)4 H5I13 3^(450)^: 3-n-3*H4(420)<Hl 2l«B $± 0^34. 

«14 3* 33] £4 H33^2i ^3 43* ^43 4^-4 34. 

11 3^(440) ^ H5113 3^(450)o)l 33^ 37 r «H LaTiO 3 (LTO) £S 33^(410) S3oll 3^ ^33 
ol 3 A SS)£4 34. ^eU tIIoIb 3^(430)0)] 7flo]E 30^ 371-4^ Ba,. x Sr x Ti0 3 (BSTO) 7^3^14(420) 

^^-£.21 Sr* 2 -f3 *«1 33^1(410)0]) 34. •f3 ^°J3 LaTiO 3 (LTO) £M 33 

*11(410)Tr ^^3^^-33^11 33°l°1l 2l«|) £.3 *)13(415)°1 1$^%^, °] £3 ^3(415)^- f-4°1 ii 34( 
440)4 H5113 3^(450) 4°loll 3^-7f * =711 34. 

-f 3 #21 ^£7 r 5%3 «fl, ^ p =0.953 °fl. 3^3 ?^-33*fl 33 C, H 2i«(i 3*34^ 3=f ^^^^^ 3^>^ 
^ tflsf 4X 10 U /cnf^l Sl^cll, ol 34^ 33^3 £i 331 ^34^^21 s^ofl §7)14^ 37 r ^r(cll4 10 

12 /cnf)2l 4 100«fl ol^olns. £ o. ? i| oj^ ^ ^4 
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7$ -fofl 44*1 tt £S 4431(410)31 44 444 ^ 0 iH4 4-£ Si 4. ae-14 44 * c)]Ai<H] 44 44* ^rSH?! 
^ 7J4 43 ±3.7} 47V44tt 434 5U4. ^ P = 0.953| 3144^ ^(static) * 3*1*4 4(N char 

ge )fe, 314S 4 0 J-(V g )4 0.12Volt, 444314(420)4 44-§r(e )4 200, 444314(420)4 ^}(d)7\ 

50nm4 7J4, <H4 4X 10 14 /crf4 44(N charge =V g e /ed). 444 * 45= (N hole )» 4^43) cfl4 4* 10 14 /cnf3 
4€- 44. 4 444314(420)4 444(e )4 ^(d)* *|3s i^^l $^oJ 344 S«S ^1 

4 3)' tIHh 4°^)* 44*1 431 4 t 4-2.5-3 43 i£l 4^34 4 514. 

n&)4 p =0.9531 tfl44xr 34 444* £1 4431(410)3] ?Itt 3431*: 4444 4(N electro 
„)7 r **4 4(N hoIe )iL4 *H 444314(420)4 44*(e )4 ^l(d)# 34*1 2:^4^4^ ** ^°d4Sr 3 
4iL4 314* 44(V g )4 ?14 4431 &4. 444 *14£4 ** ^a*rfc 34^-4 43 ^S-4 4 34. £ ^31 
43144, 4 4^3] 4-i- ^44^3* £S-*14S-(Mott- Hubbard: mh) #31:3:4 s $3^34 414 

471 4«fl iB--M.^34-44^-3(Mott-Brinkman-Rice-Kim: MBRK) S^liEje} ^<347l3 44. 

4*134 3i4 

444 4^3144 24. ft^ 0 ! 4* 431 £4 £3*|i3fe 444 44 i4# 31^44. 

^•313, 443444 #7fl44 °^£5. 314 4431 4# 3144 &44 £44 33£ $ ^44! 4£* 331 44 
34 t S14. 

1*3, 31 4 S 444-2-33 34*1 44 44*4 344314* 444113 4*H» 331 #4*1 344314 
2144 s^§4 1-4 44 4 44. 

aslji -*M3, 34^4 ** 443131 ^°J3?1 434 SJ= -4431 4444 443 ?lH3 4£ 44 444 
44 43 i£t £* 4 44. 

(57) -4? 4 '£!4 

1. 

714; 

47) 714 43] «ti*)44 44 *4 4 0 d3 434 ^4-443] 444* 4 A 33-7l-c: £1 44*11; 

471 £S 4431 431 31344 ^3 44 47H 471 44 ** 47l 3.* 443131 4°d37lfe 444314; 

471 444314 431 «H344 47l 44431431 <iJ3 44* 47>43 44 314 * 44; 

471 3.S. 44314 311 £44 433-2-3 443S4 ^34 ±± 44; ^ 

47] is 44314 312 £44 4713 £.3 443^4 ^^4 s.e)1 < ?1 44* 4«144 ^4* 4^°-3 4^ 431 3l4 
31 1431 5a44, 

471 7144 SrTi0 3 7l4<i! 4^' ^.3 4fe 431 £4 S^^I^eI. 
^^3. 
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^7] £S 13*11^. LaTi0 3 , YTi0 3 a^ h - BaTi0 3 #^3. o]+o\£ a^o £ 3^ £4 e 3*1^3. 
St 1 * 4. 
JflllM SfloH. 

^7] 7j-8-^sHs|^Ba,. x Sr x Ti0 3 #^S. °1#-<H?! ^$<L3, *}x= 3 7]] 3l4 BSE*^ . 
5. 

#7] dti A o V 7| Hefloj #7] ^-fr^^H 2]«fl £33^ ^-fr ^'«S. Sl-fe- #7|] £4 S^li 

El. 

£ ?! 

51 <£ la 




£<a ib 




© a* 
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H: LnTlOa 




P = X 
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